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(54) Liquid-crystalline resin and thermoplastic resin composition containing the liquid- 
crystalline resin 

(57) A liquid-crystalline resin with ester bonds has a 
terminal hydroxyl concentration of not less than 15x10" 
6 equivalent/g. It can be incorporated in a thermoplastic 
resin composition. 
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Description 



[0001] The present invention relates to a liquid-crystalline resin with ester bonds which is well dispersible in thermo- 
plastic resins, and also to a thermoplastic resin composition as improved with the liquid-crystalline resin, as well as to 

5 moldings, films and fibers of the composition. 

[0002] Nowadays, there is increasingly a great demand for high-quality plastics, and a large number of polymers hav- 
" ing various novel characteristics have been developed and placed on the market. Of those, optical ly-anisotropic, liquid- 
crystalline polymers characterized by the parallel orientation of molecular chains are specifically notable as having high 
fluidity and good mechanical properties. In particular, as the polymers of those types have especially high strength and 

jo * stiffness, there is a considerably increasing great demand for small-sized moldings of the polymers in the field of elec- 
trical engineering and electronics and also in the field of office appliances. 

[0003] Examples of liquid crystal polymer (LCP) of which the terminal groups concentration is defined are disclosed 
in JP-A-02-0161 50. Various alloys with thermoplastic resins have been studied, for example, as in Polymer Engineering 
and Science. 1991, Vol. 31. No. 6, and in Journal of Applied Polymer Science, Vol. 62, 1996. 

is [0004] However, even though the carboxyl terminal concentration in LCP is increased, as in JP-A-02-016150. the 
strength of LCP could not be increased; rather the thermal stability thereof during molding is lowered. 
[0005] It has been found that the liquid -crystalline polyesters used in the literature noted above are dispersed in ther- 
moplastic resins in the form of large grains, often forming coarse aggregates. As a result, the moldings of the resin com- 
positions containing such large, liquid-crystalline polyester grains have low impact strength, the films of the 

20 compositions are often broken, and the threads thereof are often cut. 

[0006] The present invention addresses the problem of providing a liquid-crystalline resin which is free from the draw- 
backs noted above, which is workable at temperatures at which conventional thermoplastic resins are worked, and 
which, when combined with a thermoplastic resin, is effective for providing the resulting resin composition with addi- 
tional characteristics of high strength, dwell-time yellowing resistance in working, improved molding stability (to reduce 

25 the yield of failed moldings owing to the shortage of the resin composition being fed into molds), and by the improved 
surface appearance of moldings of the composition, and also to provide a resin composition comprising the liquid-crys- 
talline resin and a thermoplastic resin. 

[0007] We have found surprisingly that the above problem can be solved by control of the terminal hydroxyl concen- 
tration of the LCP. 
30 [0008] Specifically, the invention provides the following: 

(1) A liquid-crystalline resin with ester bonds, which has a terminal hydroxyl concentration of not less than 15x10' 
6 equivalents/g. 

(2) A liquid-crystalline resin of (1), which contains p-hydroxybenzoic acid residues. 
35 (3) A liquid-crystalline resin of (1), which contains ethylenedioxy units. 

(4) A liquid-crystalline resin of (1), which comprises a liquid-crystalline polyester, which said polyester comprises 
structural units of the following formulae (l), (III) and (IV). and optionally additionally comprising structural units of 
the following formula (II): 
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wherein R1 represents at least one, but possibly more, group(s) selected from: 
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R2 represents at least one, but possibly more, group(s) selected from: 
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where X represents a hydrogen atom or a chlorine atom. 

45 

(5) A liquid-crystalline resin of (4), wherein the % of the total of the structural units (I) and (II) is 35 to 95 mol% of 
the total of the structural units (I), (II) and (III), the % of the structural units (III) is 5 to 65 mol% of the total of the 
structural units (I), (II) and (Ml), the molar ratio of the structural units (I) to (II), i.e. (I)/(II), is 70/30 to 95/5, and the 
number of structural units (IV) is substantially equimolar to the total of the structural units (II) and (III). 
so (6) A liquid-crystalline resin composition comprising 100 parts by weight of the liquid-crystalline resin of (1) and 5 
to 300 parts by weight of a filler. 

(7) A thermoplastic resin composition comprising 100 parts by weight of a thermoplastic resin and 0.01 to 30 parts 
by weight of a liquid-crystalline resin of (1). 

(8) A thermoplastic resin composition of (7) further comprising 5 to 300 parts by weight of a filler relative to 100 
55 parts by weight of the total amounts of the thermoplastic resin and the liquid-crystalline resin. 

(9) The thermoplastic resin composition of (7), wherein the liquid-crystalline resin has a number-average molecular 
weight of not larger than 5000. 

(10) A thermoplastic resin composition comprising 100 parts by weight of a thermoplastic resin and 0.01 to 30 parts 
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^ laving a terminal hydroxy! concentration of not less than 15 x 10* 6 equiva- 

lents/g. 

(11) A thermoplastic resin composition of (10), of which the tensile strength as measured according to the method 
of ASTM D638 (for a sheet sample of the composition having a thickness of 1/8 inches) is at least 5% higher than 

s that of the thermoplastic resin not combined with the liquid-crystalline resin. 

(12) Moldings of a thermoplastic resin composition of (7). 

(13) Films of a thermoplastic resin composition of (7). 

(14) Fibers of a thermoplastic resin composition of (7). 

io . [0009] Preferred embodiments of the invention are described hereinunder. "Weight" as referred to herein means 
"mass". 

[0010] The liquid-crystalline resin of the invention may be a liquid-crystalline polyester having structural units of the 
formulae (I). (II!) and (IV) or having structural units of the fomulae (I), (II), (III) and (IV), given above. These groups may 
be present alone or additional groups may be present as identified below. 

is [0011] The liquid-crystalline resin of the invention has ester bonds and is capable of forming an anisotropic melt 
phase. It includes, for example, a liquid-crystalline polyester that comprises structural units selected from aromatic oxy- 
carbonyl units, aromatic dioxy units, aromatic and/or aliphatic dicarbonyl units and alkylenedioxy units, and is capable 
of forming an anisotropic melt phase; and a liquid-crystalline polyesteramide that comprises structural units selected 
from those mentioned above, and. for example, aromatic iminocarbonyl units, aromatic diimino units, aromatic iminoxy 

20 units and is capable of forming an anisotropic melt phase, and the liquid-crystalline resin has a hydroxyl terminal con- 
centration of at least 15 x 10" 6 equivalents/g. 

[0012] The aromatic oxycarbonyl units are. for example, those derived from p-hydroxybenzoic acid and 6-hydroxy-2- 
naphthoic acid; the aromatic dioxy units are, for example, those derived from 4,4 , -dihydroxybiphenyl, hydroquinone, 
S.S'.S.S'-tetramethyl^^'-dihydroxybiphenyl, t-butylhydroquinone, phenylhydroquinone, 2,6-dihydroxynaphthalene, 2,7- 

25 dihydroxynaphthalene, 2,2-bis(4-hydroxyphenyl)propane and 4,4'-dihydroxydiphenyl ether; the aromatic and/or 
aliphatic dicarbonyl units are, for example, those derived from terephthalic acid, isophthalic acid, 2.6-naphthalene-dicar- 
boxylic acid, 4,4'-diphenyldicarboxylic acid, l^-bisfphenoxyjethane^^'-dicarboxylic acid, 1,2-bis(2-chlorophe- 
noxy)ethane-4,4'-dicarboxylic acid, 4,4*-diphenyl ether-dicarboxylic acid, adipic acid and sebacic acid; the 
alkylenedioxy units are, for example, those derived from ethylene glycol, 1 ,3-propanediol and 1,4-butanediol, but pref- 

30 erably from ethylene glycol; and the aromatic iminoxy units are, for example, those derived from 4-aminophenol. 

[001 3] Specific examples of the liquid-crystalline polyester are liquid-crystalline polyesters comprising structural units 
derived from p-hydroxybenzoic acid, those from 6-hydroxy-2-naphthoic acid, and those from aromatic dihydroxy com- 
pounds and/or aliphatic dicarboxylic acids; liquid-crystalline polyesters comprising structural units derived from p- 
hydroxybenzoic acid, those from 4,4 , -dihydroxybiphenyl, and those from terephthalic acid and adipic add; liquid-crys- 

35 taJline polyesters comprising structural units derived from p-hydroxybenzoic acid, those from ethylene glycol, and those 
from terephthalic acid and isophthalic acid; liquid-crystalline polyesters comprising structural units derived from p- 
hydroxybenzoic acid, those from ethylene glycol, those from 4,4'-dihydroxybiphenyl, and those from terephthalic acid 
and/or sebacic acid; and liquid-crystalline polyesters comprising structural units derived from p-hydroxybenzoic acid, 
those of ethylene glycol, those from aromatic dihydroxy compounds, and those from aromatic dicarboxylic acids such 

40 as terephthalic acid, isophthalic acid and 2,6-naphthalene-dicarboxylic acid. 

[001 4] Preferred examples of the liquid-crystalline polyesters capable of forming an anisotropic melt phase are liquid- 
crystalline polyesters comprising structural units of the following (I), (II), (III) and (IV). and liquid-crystalline polyesters 
comprising structural units of the following (I), (III) and (IV) and capable of forming an anisotropic melt phase. 
[001 5] Of those, especially preferred are the liquid-crystalline polyesters comprising the structural units of (I). (II). (Ill) 

45 and (IV). 
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20 where X represents a hydrogen atom or a chlorine atom. 

[001 6] The structural unit (I) may be derived from p-hydroxybenzoic acid; the structural unit (I I) from an aromatic dihy- 
droxy compound selected from 4 I 4'-dihydroxybiphenyl, 3,3\5,5Metramethyl-4,4'-dihydroxybiphenyl, hydroquinone, t- 
butylhydroquinone, phenylhydroquinone. methylhydroquinone. 2,6-dihydroxynaphthalene. 2,7-dihydroxynaphthalene. 
25 2,2-bis(4-hydroxyphenyl)propane and 4,4 -dihydroxydiphenyl ether; the structural unit (III) from ethylene glycol; and the 
structural unit (IV) from an aromatic dicarboxylic acid selected from terephthalic acid, isophthalic acid, 4,4'-diphenyldi- 
carboxylic acid. 2,6-naphthalene-dicarboxylic acid, 1,2-bis(phenoxy)ethane-4,4*-dicarboxylic acid, 1,2-bis(2-chlorophe- 
noxy)ethane-4,4'-dicarboxylic acid and 4,4'-diphenyl ether-dicarboxylic acid. Of the structural units mentioned above, 
especially preferred are those where R1 is the following: 

30 
35 

and R2 is the following: 



40 




45 

{0017] Preferred liquid-crystalline polyesters for use in the invention are the copolymers comprising the structural 
units (I), (III) and (IV), and the copolymers comprising the structural units (I). (II), (III) and (IV), in which the copolymer- 
izing ratio of those units (I), (II), (III) and (IV) may be freely defined. However, in order to obtain good results of the inven- 
tion, the copolymer izing ratio is preferably as follows: 

so [0018] In the copolymers comprising the structural units of (I), (II). (HI) and (IV), the % of the total of the structural units 
(I) and (II) is preferably 30 to 95 mol%, more preferably 40 to 85 mol%, of the total of the structural units (I), (II) and (III). 
The % of the structural units (III) is preferably 5 to 70 mor% more preferably 15 to 60 mot%, of the total of the structural 
units (I), (II) and (III). The molar ratio of the structural units (I) to (II), i.e. (I)/(II), is preferably 75/25 to 95/5, more prefer- 
ably 78/22 to 93/7. Preferably, the structural units (IV) are substantially equimolar to the total of the structural units (II) 

55 and (III). 

[0019] On the other hand, in the copolymers not containing the structural units (III), the structural units (I) are prefer- 
ably 40 to 90 mof%, more preferably 60 to 88 mol%, of the total of the structural units (I) and (II), in for improved fluidity 
of the copolymers. In these, it is desirable that the structural units (IV) are substantially equimolar to the structural units 



6 



EP 0 926 175 A2 

("). 

[0020] Liquid-crystalline polyester-amides also useful in the invention comprise p-iminophenoxy units to be derived 
from p-aminophenols. in addition to the structural units (I) to (IV) noted above, and are capable of forming an anisotropic 
melt phase. 

5 [0021] The liquid -crystalline polyesters and polyester-amides which are preferably used in the invention may com- 
prise, in addition to the structural units (I) to (IV) mentioned above, any other structural units from comonomers of, for 
example, aromatic dicarboxylic acids such as 3,3'-diphenyldicarboxylic acid and 2,2'-diphenyldicarboxylic acid; aliphatic 
dicarboxylic acids such as adipic acid, azelaic acid, sebacic acid and dodecane-dicarboxylic acid; alicyciic dicarboxylic 
acids such as hexahydroterephthalic acid; aromatic diols such as chlorohydroquinone, 3,4'<lihydroxybiphenyl, 4,4'- 

~io dihydroxydiphenytsulfone, 4,4'-dihydroxydiphenylsulfide and 4,4'-dihydroxybenzophenone; aliphatic and alicyciic diols 
such as propylene glycol, 1,4-butanediol, 1,6-hexanediol, neopentyl glycol, 1,4-cyclohexanediol and 1 ,4-cyclohexane- 
dimethanol; aromatic hydroxycarboxylic acids such as m-hydroxybenzoic acid and 2,6-hydroxynaphthoic acid; as well 
as, e.g. p-aminobenzoic acid, so far as the additional comonomer units do not interfere with the liquid-crystalline prop- 
erty of the copolymers. 

is [0022] Methods for producing the liquid-crystalline polyesters and polyester-amides for use in the invention are not 
specifically defined, and the polyesters and polyester-amides can be produced in accordance with any known poly- 
condensation methods for producing conventional polyesters and polyester-amides. 

[0023] For example, the liquid-crystalline polyesters noted above are preferably produced by the following methods. 



20 (1) A polyester is prepared from components except oxycarbonyl unit-forming monomers such as p-hydroxyben- 
zoic acid, then this is heated and melted with p-acetoxybenzoic acid in a dry nitrogen stream atmosphere to form 
copolymerized polyester fragments through acidolysis, and thereafter the viscosity of the resulting copolyester is 
increased under reduced pressure. 

25 (2) A polyester is produced by deacetylating polycondensation from p-acetoxybenzoic acid, a diacylated aromatic 
dihydroxy compound such as 4,4 , -diacetoxybiphenyl or diacetoxybenzene, and an aromatic dicarboxylic acid such 
as 2,6-naphthalene dicarboxylic acid, terephthalic acid or isophthalic acid. 

(3) A polyester is produced by deacetylating polycondensation from p-hydroxybenzoic acid, an aromatic dihydroxy 
30 compound such as 4,4 , -dihydroxybiphenyl or hydroquinone and an aromatic dicarboxylic acid such as 2,6-naphtha- 

lene-dicarboxylic acid, terephthalic acid or isophthalic acid, with acetic anhydride followed by acylation of phenolic 
hydroxyl groups. 

(4) A polyester is produced by dephenolating polycondensation from phenyl p-hydroxybenzoate, an aromatic dihy- 
35 droxy compound such as 4,4 , -dihydroxybiphenyl or hydroquinone and a diphenyl ester of an aromatic dicarboxylic 

acid such as 2.6-naphthalene dicarboxylic acid, terephthalic acid or isophthalic acid. 

(5) P-hydroxybenzoic acid and an aromatic dicarboxlic acid such as 2.6-naphthalene-dicarboxylic acid, terephthalic 
acid or isophthalic acid are reacted with a predetermined amount of diphenyl carbonate to prepare a diphenyl ester, 

40 and then reacted with an aromatic dihydroxy compound such as 4,4 , -dihydroxybiphenyl or hydroquinone for dephe- 
nolating polycondensation. 

(6) The method of (2) or (3) is effected in the presence of a polymer or oligomer of a polyester such as polyethylene 
terephthalate, or in the presence of a bis(b-hydroxyethyl) ester of an aromatic dicarboxylic acid such as bis(p- 

45 hydroxyethyl)terephthalate. 

[0024] In order to produce the intended liquid-crystalline polyesters having a hydroxyl terminal concentration of at 
least 15 x 10~ 6 equivalent/g, preferred methods are the method of any of (1) to (6) noted above in which the hydroxyl 
component is 0.01 to 1 mol% excessive over the carboxylic acid component; or the method of any of (1) to (6) in which 

so the polymer produced has a degree of polymerization that is higher than the intended degree of polymerization, and 
water or a glycol component is added to the polymer, for example, by a plunger pump with stirring the resulting polymer 
at normal pressure; or the method of any of (1) to (6) in which 0.01 to 5 parts by weight of water or a glycol component 
is added to the polymer produced and the resulting polymer is melted and pelletized in, for example, a kneader, a sin- 
gle-screw or double-screw extruder at a temperature of 1 80 to 380°C. 

55 [0025] The polycondensation for producing the liquid-crystalline resin may be effected in the absence of a catalyst. 
However, useful catalysts, when used, are a metal compound such as stannous acetate, tetrabutyl titanate, potassium 
acetate, sodium acetate or antimony trioxide and even a metal of magnesium. 

[0026] It is indispensable that the liquid-crystalline resin of the invention has a terminal hydroxyl concentration of at 
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least 15 x 10" 6 equivalents/g, and preferably at least 25 x 10* 6 equivatents/g, more preferably at least 50 x 10" 6 equiva- 
ients/g. If its terminal hydroxyl concentration is smaller than 15 x 10" 6 equivalents/g, the liquid-crystalline resin can no 
longer improve the thermoplastic resins. The uppermost limit of the hydroxyl terminal concentration of the liquid-crys- 
talline resin is not specifically defined, but is preferably up to 1000 x 10" 6 equivalents/g, in view of the thermal stability 
of the liquid-crystalline resin. 

[0027] To measure the terminal hydroxyl concentration in the liquid-crystalline resin of the invention, for example, 

- 250mg of a resin sample is weighed in an NMR test tube, to which is added 2.5ml of a solvent (tetrachloroethane- 
d2y£entaf luorophenol = 4 ml/5g) and heated (at 70 to 90°C) thereby to dissolve the sample in the solvent, and the result- 
ing resin solution in the test tube is measured for its terminal hydroxyl concentration in an NMR device at a frequency 

- of 599.9MHz. 

[0028] The number-average molecular weight of the liquid-crystalline resin of the invention is not specifically defined. 
However, when the resin is used to improve thermoplastic resins, its number-average molecular weight is preferably 
400 to 5000. more preferably 500 to 4000. The number-average molecular weight of the resin may be measured 
through GPC-LS (gel permeation chromatography-light scattering) for which is used a solvent capable of dissolving the 
resin. 

[0029] The logarithmic viscosity of the liquid-crystalline resin of the invention, which can be measured in pentaf luor- 
ophenol. is preferably not smaller than 0.03 dl/g when measured therein at a concentration of 0.1g/dl at 60°C. More 
preferably, it is 0.05 to 10.0dl/g. 

[0030] The melt viscosity of the liquid-crystalline resin of the invention is preferably 0.5 to 200 Pa.s, more preferably 
1 to 100 Pa.s. Where resin compositions with better fluidity are to be obtained herein, the melt viscosity of the liquid- 
crystalline resin to be in those compositions is preferably 8 to 25 Pa.s. 

[0031] The melt viscosity is measured, using a vertical flow tester, at a temperature of the melting point of the resin 
sample (Tm) + 10°C and at a shear rate of 1 ,000 sec" 1 . 

[0032] The melting point (Tm) is measured through differential calorimetry, in which the polymer sample having been 
at room temperature is first heated at a heating rate of 20 °C/min to measure the temperature of the heat absorption 
peak (Tm1), then kept at a temperature of Tm1 + 20°C for 5 minutes, then cooled down to room temperature at a cool- 
ing rate of 20°C/min, and thereafter again heated at a heating rate of 20°C/min to measure the temperature of the heat 
absorption peak (T m2). The temperature Tm2 thus measured indicates the melting point of the sample. 
[0033] The melting point of the liquid-crystalline resin of the invention is not specifically defined, but is preferably not 
higher than 350°C, more preferably not higher than 330°C, for improved dispersibility of the resin in thermoplastic res- 
ins. 

[0034] The thermoplastic resins to which the liquid-crystalline resin of the invention is added are synthetic resins 
which become fluid when heated and which can be molded because of their fluidity under heat. Specific examples of 
such thermoplastic resins are polyesters such as semi-aromatic non-liquid-crystalline polyesters, fully-aromatic non-liq- 
uid-crystalline polyesters and liquid-crystalline polyesters; liquid-crystalline polyester-amides, polycarbonates, polya- 
mides, polyoxymethylenes, fully-aromatic polyamides, polyimides, polybenzimidazoles, polyketones, polyether-ether- 
ketones, polyether-ketones, polyether-sulfones, polyphenylene oxides, phenoxy resins, polyphenylene sulfides, phe- 
nolic resins, phenol -formaldehyde resins; olefinic polymers such as polypropylene, polyethylene and polystyrene; 
olefinic copolymers such as ethylene/propylene copolymers, ethylene/1 -butene copolymers, ethylene/propylene/non- 
conjugated diene copolymers, ethylene/ethyl acrylate copolymers, ethylene/glycidyl methacrylate copolymers, ethyl- 
ene/vinyl acetate/glycidyl methacrylate copolymers, ethylene/propylene-g-maleic anhydride copolymers and ABS; 
elastomers such as polyester-polyether elastomers and polyester-polyester elastomers; and mixtures of those resins. 
Examples of the polyester resins include polyethylene terephthalate, polypropylene terephthalate, polybutylene tereph- 
thalate, polyethylene-2,6-naphthalate, polybutylene naphthalate. poly-1.4-cyclohexylene-dimethylene terephthalate 
and polyethylene-1,2-bis(phenoxy)ethane-4.4'-dicarboxylate; and also copolyesters such as polyethylene isophtha- 
late/terephthalate, polybutylene terephthalate/isophthalate, polybutylene terephthalate/decane-dicarboxylate and poly- 
cydohexane-dimethylene terephthalate/isophthalate. The polyamides include, for example, ring-cleaved polymers of 
cyclic lactams, polycondensates of aminocarboxylic acids and polycondensates of dicarboxylic acids with diamines. 
Examples of such polyamides are aliphatic polyamides such as nylon-6, nylon-4,6, nylon-6,6, nylon-6,10, nylon-6,12, 
nyion-11 and nylon-12; aliphatic-aromatic polyamides such as poly(metaxylene-adipamide), poly(hexamethylene- 
terephthalamide), poly (hexam ethyl ene-isophthalamide), poly(tetramethylene-isophthalamide), polynonane-methylene- 
terephthalamide and poly(methylpentamethylene-terephthalamide); and their copolymers and mixtures, such as nylon- 
6/poly(hexamethylene-terephthalamide), nylon -6,6/poly(hexamethylene-terephthalamide), poly(hexamethylene-isoph- 
thalamide)/poly(hexamethylene-terephthalamide), nylon-6/poly(hexamethylene-isophthalamide)/|30ly(hexamethylene- 
terephthalamide), nylon- 12/poly (hexam ethyl ene-terephthalamide) and poly(methylpentamethylene-terephthala- 
mide)/^XDly(hexamethylene-terephthalamide). 

[0035] Of those, prefened are, in view of their mechanical properties and moldability, polyesters such as polybutylene 
terephthalate, polybutylene naphthalate, poly-1 ,4-cyclohexylene-dimethylene terephthalate. polyethylene 2,6-naphtha- 
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late, and polyethylene terephthalate; liquid-crystalline polyesters, liquid-crystalline polyester-amides; polyamides such 
as nylon-6, nylon-6,6. nylon-4,6, polynonane-methylene-terephthalamide, ny1on-6yjpoly(hexamethylene-terephthala- 
mide), nylon-6,6/poly(hexamethylene-terephthalamide). poly(hexamethytene-isophthalamide)/|x^ 
terephthalamide) , nylon-6/poly(hexam ethyl ene-isophthalam nylon- 
1 2/jDoly(hexamethylene-terephthalamide), and pdy(methylpentamethylene-terephthalamide)/poly(hexamethylene- 
terephthalamide); polycarbonates, polyphenylene-sulfides, polyethylenes, polypropylenes, polystyrenes, ABS, 
polyphenylene oxides, phenoxy resins, phenolic resins, phenol-formaldehyde resins; and their mixtures. More preferred 
are polybutytene terephthalate, polyethylene terephthalate, liquid-crystalline polyesters, liquid-crystalline polyester- 
amides, nylon-6, nylon-6,6, nylon-4,6, polynonane-methylene-terephthalamide, nylon-6/|poly(hexamethy1ene-tereph- 
thaJamide), nylon-6, 6/poly(hexamethylene-terephthalamide), poly(hexamethylene-isophthalamide)/poly(hexamethyl- 
ene-terephthalamide), nylon-6/poly(hexamethylene-isophthalamide)/^ly(hexamethylene-tereprithalamide)^ nylon- 
12/jpoly(hexamethylene-terephthalamide), poly(metriytpentamethy1ene-terepM 
thalamide). polycarbonates, polyphenylene sulfides, ABS, polyphenylene oxides, and their mixtures. 
[0036] The amount of the liquid-crystalline resin of the invention that may be added to a thermoplastic resin and is 
capable of making the resulting resin composition have additional characteristics of high strength, dwell-time yellowing 
resistance in working, and improved surface appearance of moldings of the composition, without interfering with the 
intrinsic characteristics of the thermoplastic resin, is 0.01 to 30 parts by weight, preferably 0.05 to 20 parts by weight, 
more preferably 0.1 to 10 parts by weight relative to 100 parts by weight of the thermoplastic resin. 
[0037] The method for mixing the liquid-crystalline resin of the invention with a thermoplastic resin is not specifically 
defined, but. in general, the two resins are preferably kneaded in meh. For the melt-kneading, employable is any known 
method. For example, the resins may be kneaded in melt at a temperature of 180 to 380°C. in any of Banbury mixers, 
rubber rollers, kneaders, single-screw or double-screw extruders, to give a resin composition. 

[0038] A filler may be used in the invention for the purpose of improving the liquid-crystalline resin and also the ther- 
moplastic resin composition comprising the liquid-crystalline resin of the invention, for example, for increasing the 
mechanical strength of the resin or the resin composition. The filler is not specifically defined, and any of fibrous, tabu- 
lar, powdery or granular fillers are employable herein. More specifically, the filler for use in the invention includes ftorous 
or whisker-like fillers, for example, glass fibers, carbon fibers of PAN or pitch, metal ftoers such as stainless steel ftoers. 
aluminium fibers or brass fibers, organic fibers such as aromatic polyamide fibers, as well as gypsum ftoers, ceramic 
fibers, asbestos fibers, zirconia ftoers, alumina fibers, silica fibers, titanium oxide fibers, silicon carbide fibers, rock wool, 
potassium titanate whiskers, barium titanate whiskers, aluminium borate whiskers and silicon nitride whiskers; and also 
other powdery, granular or tabular fillers of, for example, mica. talc, kaolin, silica, calcium carbonate, glass beads, glass 
flakes, glass microballoons, clay, molybdenum disulfide, wollastonite, titanium oxide, zinc oxide, calcium polyphosphate 
and graphite. 

[0039] Of those fillers, preferred are glass fibers. The type of glass fibers for use in the invention is not specifically 
defined, and any and every one to be generally used for reinforcing resins is employable herein. For example, they may 
be selected from long-fiber type or short-fiber type, chopped strands and milled ftoers. Two or more of those fillers may 
be used in combination. The fillers for use in the invention may be surface-treated with any known coupling agents (e.g., 
silane coupling agents or titanate coupling agents) or any other surface-treating agents. 

[0040] Glass ftoers for use in the invention may be coated with a thermoplastic resin such as ethyiene/vinyl acetate 
copolymer, or with a thermosetting resin such as epoxy resin, or may be bundled up therewith. 
[0041 ] For reinforced liquid-crystalline resin compositions not containing any thermoplastic resins other than the spe- 
cific liquid-crystalline resin of the invention, the amount of the filler to be in the compositions may be 5 to 300 parts by 
weight, preferably 10 to 250 parts by weight, more preferably 20 to 150 parts by weight, relative to 100 parts by weight 
of the liquid-crystalline resin therein. On the other hand, for reinforced thermoplastic resin compositions containing a 
thermoplastic resin in addition to the specific liquid -crystal line resin of the invention, the amount of the filler to be in the 
compositions may be 5 to 300 parts by weight, preferably 10 to 250 parts by weight, more preferably 20 to 150 parts by 
weight, relative to 100 parts by weight of the thermoplastic resin composition (comprising the thermoplastic resin and 
the liquid-crystalline resin) 

[0042] For the purpose of rendering the liquid-crystalline resin and the thermoplastic resin composition of the inven- 
tion flame retardant, red phosphorus may be added to the resin and to the composition. As being unstable and gradu- 
ally dissolving in water by itself, red phosphorus for use in the invention is preferably so processed that its negative 
properties are masked. To process red phosphorus for that purpose, for example, employable is any of a method of add- 
ing a minor amount of aluminium hydroxide or magnesium hydroxide to red phosphorus to thereby catalytically prevent 
the oxidation of red phosphorus; a method of coating red phosphorus with parafin or wax to thereby inhibit the contact 
of red phosphorus with water; a method of mixing red phosphorus with e-caprolactam or trioxan to thereby stabilize it; 
a method of coating red phosphorus with a thermosetting resin of, for example, phenolic resins, melamine resins, epoxy 
resins and unsaturated polyester resins, to thereby stabilize it; a method of processing red phosphorus with an aqueous 
solution of a metal salt of, for example, copper, nickel, silver, iron, aluminium or titanium to thereby form a precipitate of 
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the metal -phosphorus compound on the surface of red phosphorus to stabilize it; a method of coating red phosphorus 
with aluminium hydroxide, with an alkali metal or alkaline earth metal hydroxide, such as magnesium hydroxide, or with 
any other metal hydroxide such as titanium hydroxide or zinc hydroxide; a method of coating the surface of red phos- 
phorus with iron, cobalt, nickel, manganese or tin through electroless plating to thereby stabilize it; or a combination of 
5 those methods. Of those, preferred are the method of coating red phosphorus with a thermosetting resin of, for exam- 
ple, phenolic resins, melamine resins, epoxy resins or unsaturated polyester resins, to thereby stabilize it; and the 
- method of coating red phosphorus with aluminium hydroxide, magnesium hydroxide, titanium hydroxide or zinc hydrox- 
ide to thereby stabilize it. Especially preferred is the method of coating red phosphorus with a phenolic resin or titanium 
hydroxide. 

io - [0043] The mean grain size of red phosphorus is, before it is added to the liquid -crystalline resin or to the thermoplas- 
tic resin composition, preferably 0.01 to 50nm, more preferably 0.1 to 45*im, having regard to the flame retardancy, the 
mechanical strength and the surface appearance of the resin moldings to be obtained herein and the purpose of pre- 
venting chemical and physical deterioration of red phosphorus in grinding and recycling the moldings. 
[0044] The mean grain size of red phosphorus may be measured with any ordinary laser diffractometric, grain size 

75 distribution measuring device. Wet-type and dry-type grain size distribution measuring devices are known, and any of 
which is employable herein. In the wet -type device, water may be used as the dispersion solvent for red phosphorus. In 
this, red phosphorus may be surface-treated with alcohol or neutral detergent. As the dispersant, usable is a phosphate 
such as sodium hexametaphosphate or sodium pyrophosphate. The dispersing device may be an ultrasonic bath. 
[0045] The preferred mean grain size of red phosphorus for use in the invention is as mentioned above. Large grains 

20 of red phosphorus having a grain size of 75|im or more are unfavourable to the invention since they greatly worsen the 
flame retardancy, the mechanical properties, the wet heat resistance and the recyclability of the resin moldings to be 
produced herein. Therefore, it is desirable that such large grains of red phosphorus having a grain size of 75^m or more 
are removed through classification or the like. 

[0046] Preferably, the amount of large grains having a grain size of 75 \ixx\ or more to be in red phosphorus for use in 
25 the invention is not larger than 10 % by weight, more preferably not larger than 8 % by weight, even more preferably not 
larger than 5 % by weight. The lowermost limit of the large grains is not specifically defined, but the amount of the large 
grains is preferably as near to 0 (zero) as possible. 

[0047] The amount of large grains having a grain size of 75 um or more to be in red phosphorus may be measured 
by classification through a 75 jim-mesh sieve. Briefly, 100 g of red phosphorus is classified through a 75 ^m-mesh sieve 
30 to obtain the weight, A (g), of the residue, and the ratio of large grains having a grain size of 75 urn or more in the red 
phosphorus is represented by A/100 x 100 (%). 

[0048] The electroconductivity of red phosphorus for use in the invention is, after it has been extracted in hot water, 
generally 0.1 to 1000 us/cm, but preferably 0.1 to 800 nS/cm, more preferably 0.1 to 500 *iS/cm, having regard to the 
flame retardancy, the moisture resistance, the mechanical strength, the anti-tracking property and the non-coloring 
35 property of the resin moldings to be obtained herein. (The electroconductivity is measured by adding 100 ml of pure 
water to 5g of red phosphorus, extracting it in an autoclave at 121°C for 100 hours, filtering it, and diluting the resulting 
filtrate to be 250 ml. The electroconductivity of the resulting dilution is measured.) 

[0049] The amount of phosphine to be generated by red phosphorus for use in the invention (phosphine generation 
by red phosphorus) is generally not larger than 100 ppm, but preferably not higher than 50 ppm, more preferably not 

40 higher than 20 ppm, having regard to the amount of gas to be generated by the resin composition, the stability of the 
composition being molded through extrusion, the mechanical strength of the melt of the composition during the resi- 
dence time, the outward appearance of the resin moldings formed, and the corrosion of terminals by the moldings. (The 
phosphine generation is measured by placing 5 g of red phosphorus into a 500 ml-container having been purged with 
nitrogen, such as a test tube, degassing the container to be at 10 mmHg, heating it at 280 °C for 10 minutes, then cool- 

45 ing H to be at 25 °C , diluting the gas in the container (test tube) with nitrogen gas to be at 760 mmHg, and measuring 
the phosphine content by the use of a phosphine (hydrogen phosphide) detector. The phosphine generation is repre- 
sented by the equation of phosphine generation (ppm) = detector value (ppm) x degree of dilution .) 
[0050] Commercial products of red phosphite, of which the grain size, the electroconductivity and the phosphine gen- 
eration are all within the preferred ranges noted above, are "Novaexcell" 140 and "Novaexcell" F5 manufactured by Rin 

so Kagaku Kogyo KK. 

[0051] The amount of red phosphorus to be added to the liquid-crystalline resin or to the thermoplastic resin compo- 
sition of the invention is generally 0.01 to 30 parts by weight, but preferably 0.05 to 20 parts by weight, more preferably 
0.06 to 10 parts by weight, even more preferably 0.08 to 5 parts by weight, relative to 100 parts by weight of the resin 
component. If its amount is too small, red phosphorus could not exhibit its flame-retarding ability; but rf too large, the 
55 physical properties of the resin and the resin composition are lowered and. in addition, too much red phosphorus added 
will act as a combustion promoter rather than acting for flame retardation. 

[0052] A metal oxide acting as a stabilizer for red phosphorus may be added to the liquid-crystalline resin or to the 
thermoplastic resin composition of the invention, whereby the stability and the strength of the resin or the composition 
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being extruded and molded, as weilas the heat resistance of the resin and the composition, and even the terminal cor- 
rosion resistance of the resin moldings may be further improved. Specific examples of the metal oxide include cadmium 
oxide, zinc oxide, cuprous oxide, cupric oxide, ferrous oxide, ferric oxide, cobalt oxide, manganese oxide, molybdenum 
oxide, tin oxide and titanium oxide. Of those, preferred are metal oxides except those of Group I and/or Group II metals, 

5 such as cadmium oxide, cuprous oxide, cupric oxide and titanium oxide. More preferred are cuprous oxide, cupric oxide 
and titanium oxide. However, Group I and/or Group II metal oxides are also employable. Most preferred is titanium 
oxide, in order greatly to improve the stability and the strength of the resin and the composition being extruded and 
molded, the heat resistance of the resin and the composition, the terminal corrosion resistance of the resin moldings, 
and even the non-coloring property of the resin and the composition. 

-io [0053] The amount of the metal oxide to be added is preferably 0.01 to 20 parts by weight, more preferably 0. 1 to 10 
parts by weight, relative to 100 parts by weight of the liquid-crystalline resin or the resin component in the thermoplastic 
resin composition, having regard to the mechanical properties and the moldability of the resin and the composition. 
[0054] A fluorine resin may be added to the liquid-crystalline resin or to the thermoplastic resin composition of the 
invention, whereby dripping of liquid drops is prevented when the resin or the composition is fired. The fluorine resin 

is includes, for example, poiytetrafiuoroethylenes, polyhexafluoropropylenes, (tetrafiuoroethylene/hexafluoropropytene) 
copolymers, (tetrafluoroethylene/perfluoroalkyl vinyl ether) copolymers, (tetrafluoroethylene/ethylene) copolymers, 
(hexafluoropropylene/propylene) copolymers, polyvinylidene fluorides and (vinyl idene fluoride/ethyl ene) copolymers. Of 
those, preferred are poiytetrafiuoroethylenes, (tetrafluoroethylene/perfluoroalkyl vinyl ether) copolymers, (tetrafluor- 
oethylene/hexafluoropropylene) copolymers, (tetrafluoroethylene/ethylene) copolymers, and polyvinylidene fluorides; 

20 and more preferred are poiytetrafiuoroethylenes and (tetrafluoroethylene/ethylene) copolymers. 

[0055] The amount of the fluorine resin to be added is generally 0.01 to 10 parts by weight, but preferably 0.1 to 5 
parts by weight, more preferably 0.2 to 3 parts by weight, relative to 100 parts by weight of the liquid-crystalline resin or 
the resin component in the thermoplastic resin composition, having regard to the mechanical properties and the mold- 
ability of the resin and the composition. 

25 [0056] The liquid-crystalline resin and the thermoplastic resin composition of the invention may contain any ordinary 
additives, for example, antioxidants and heat stabilizers (e.g., hindered phenols, hydroquinones, phosphites and their 
substituents); ultraviolet absorbents (e.g., resorcinols, salicylates, benzotriazoles. benzophenones); coloration inhibi- 
tors such as phosphites and hypophosphites; lubricants and mold-release agents (e.g., montanic acid and its salts, 
esters and half-esters, stearyl alcohol, stearamides and polyethylene wax); colorants containing dye (e.g., Nigrosine) 

30 and pigment (e.g., cadmium sulfide, phthalocyanine); electroconductive agents and colorants such as carbon black; 
nucleating agents; plasticizers; flame retardants, which flame retardant is preferably red phosphorus, but may be any 
other flame retardertts (e.g.. polystyrene bromides, polyphenylene ether bromides, polycarbonate bromides, magne- 
sium hydroxide, melamine and cyanuric acid and its salts); flame retardent promoters; and antistatic agents. Those 
additives may impart predetermined characteristics to the resin and to the composition. 

35 [0057] In accordance with the necessity of further improving the properties of the liquid-crystalline resin and the ther- 
moplastic resin composition of the invention, one or more components selected from, for example, acid-modified 
olefinic polymers with, e.g., maleic anhydride; olefinic copolymers such as ethylene/propylene copolymers, ethylene-1- 
butene copolymers, ethylene/propyl ene/non-conjugated diene copolymers, ethylene/ethyl acrylate copolymers, ethyl- 
ene/glycidyl methacrylate copolymers, ethylene/vinyl acetate/glycidyl methacrylate copolymers, ethyl ene/propytene-g- 

40 maleic anhydride copolymers and ABS; and elastomers such as polyester-polyether elastomers and polyester-polyes- 
ter elastomers may be added to the resin or to the composition, thereby imparting predetermined characteristics to the 
resin and to the composition. 

[0058] To add them to the resin or to the composition, the additives are preferably kneaded with the resin or the com- 
position in melt. For the melt-kneading, employable is any known method. For example, using any of Banbury mixers, 

45 rubber rollers, kneaders or single-screw or double-screw extruders, they are kneaded with the resin or the composition 
in melt at a temperature of 180 to 380°C. To mix them, for example, a liquid-crystalline resin, a thermoplastic resin, a 
filler and other additives may be mixed all at a time; or a liquid-crystalline resin and a thermoplastic resin are first mixed, 
and a filler and other additives may be added to the resulting mixture. Where red phosphorus is added to the resin or 
the resin composition of the invention, it is desirable that red phosphorus is first added to a liquid-crystalline resin or to 

so a thermoplastic resin along with a filler and other additives, or alternatively, a high-concentration red phosphorus master 
with a liquid-crystalline resin or a thermoplastic resin is first prepared, and this is added to the resin or the resin com- 
position. The method of preparing the red phosphorus master is not specifically defined, but preferred is a red phospho- 
rus master with a liquid-crystalline resin as having better dispersibilrty in the thermoplastic resin composition. 
[0059] The tensile strength of the liquid-crystalline resin-containing, thermoplastic resin composition thus obtained in 

55 the invention, as measured according to the method of ASTM D638 (for a sheet sample of the composition having a 
thickness of 1/8 inches) may be at least 5% higher than that of the thermoplastic resin not combined with the liquid-crys- 
talline resin of the invention. 

[0060] To produce moldings of the resin and the resin composition of the invention, employable are any ordinary mold- 
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ing methods of, for example, injection" molding, extrusion molding, blow molding, press molding and injection-press 
molding, in which are formed, for example, three-dimensional moldings, sheets, containers or pipes. Especially pre- 
ferred is injection molding or injection-press molding to produce moldings with thin parts having a thickness of not larger 
than 1 .5mm, more preferably to produce those with thin parts having a thickness of not larger than 1 .2mm, even more 

s preferably to produce those with thin parts having a thickness of not larger than 1 .Omm. Films are also formed from the 
resin and from the resin composition of the invention through any ordinary methods of using T-dies or ring dies. The 
- films may be non-drawn or non-oriented ones, but are preferably mono-axially or bi-axially drawn or heat-treated, ori- 
ented films as having higher elasticity, higher stiffness and higher heat resistance. These films may be single-layered 
ones, or may be laminated with any other polymer layers of, for example, polyesters, polyolef ins, polyamides. polyvinyli- 

w - dene chlorides or acrylic polymers. Fibers are also formed by spinning the resin or the resin composition of the inven- 
tion, for which are employable any ordinary spinning methods of, for example, two-stage spinning-drawing, continuous 
one-stage spinning-drawing or high-speed draw-spinning not followed by additional drawing. The spinning and drawing 
steps do not require any specific limitations on the distribution of the degree of orientation, the presence or absence of 
yarn relaxation treatment, the temperature, etc. Needless-to-say, in the spinning methods, the total fineness, the 

is number of filaments and even the profile of the cross section of each fiber are not specifically defined. 

[0061] The thermoplastic resin composition comprising the liquid-crystalline resin of the invention is characterized by 
its high strength, dwell -time yellowing resistance in working, improved molding producibility (to reduce the yield of failed 
mouldings owing to the shortage of the resin composition being fed into molds), and by the improved surface appear- 
ance of moldings of the composition. Owing to its characteristics, therefore, the resin composition can be molded into 

20 various forms. The mouldings are useful as parts for electric and electronic appliances, such as typically various gears, 
various cases, sensors. LED lamps, connectors, sockets, resistors, relay cases, switches, coil bobbins, capacitors, var- 
iable capacitor cases, optical pickups, oscillators, plates for various terminals, transformers, plugs, boards for printed 
circuits, tuners, speakers, microphones, headphones, small-sized motors, magnetic head bases, power modules, hous- 
ings, semiconductors, parts for liquid crystal displays, FDD carriages, FDD chassis, HDD parts, motor brush holders, 

25 parabolic antennas and computer-related parts; parts for electric appliances for household and office use. such as typ- 
ically VTR parts, TV parts, irons, hair driers, rice cooker parts, microwave range parts, acoustic parts, parts for sound 
appliances including audios, laser discs and compact discs, lighting parts, refrigerator parts, air conditioner parts, type- 
writer parts and word processor parts; office computer-related parts, telephone-related parts, facsimile-related parts, 
duplicator-related parts, washing tools; machine-related parts, such as typically various bearings including oilless bear- 

30 ings, stern bearings and underwater bearings, motor parts, lighters and typewriters; optical instrument-related parts 
and precision instrument-related parts, such as typically parts for microscopes, binoculars, cameras and watches; auto- 
mobile and vehicle-related parts, such as typically alternator terminals, alternator connectors, IC regulators, potentiom- 
eter bases for Light Dia and various valves including exhaust gas valves, various pipes for fuel-related intake and 
emission systems, air intake nozzle snorkels, intake manifolds, fuel pumps, engine-cooling water joints, carburetor main 

35 bodies, carburetor spacers, exhaust gas sensors, cooling water sensors, oil temperature sensors, brake pad wear sen- 
sors, throttle position sensors, crank shaft position sensors, air flow meters, parts for ignition coils, power sheet gear 
housings, thermostat bases for air conditioners, air flow control valves for heater, brush holders for radiator motors, 
water pump impellers, turbine veins, wiper motor-related parts, distributors, starter switches, starter relays, wire har- 
nesses for transmissions, windshield washer nozzles, air conditioner panel switch boards, coils for fuel-related electro- 

40 magnetic valves, connectors for fuses, horn terminals, insulating boards for electric parts, step motor rotors, lamp 
sockets, lamp reflectors, lamp housings, brake pistons, solenoid bobbins, engine oil filters and ignition cases; box cases 
for personal computer housings, portable telephone housings, etc.; bathroom decorations for toilets, washstands and 
counters; toys; and amusement facilities including parts for Pachinko (pinball game) stands. In addition to those, they 
have many other applications. The films of the resin or the resin composition of the invention are useful as films for, e.g., 

45 magnetic recording media, photographic films, films for capacitors, electric insulating films, wrapping films, drawing 
films and films for ribbons. The fibers of the resin or the resin composition of the invention are useful as rubber-reinforc- 
ing fibers for, e.g.. tire cords, conveyor belts and hoses, and are also useful for, e.g., ropes, cables, speaker cones, ten- 
sion members, non-woven fabrics, safety jackets, bulletproof vests, space suits and submarine suits. In addition to 
those, they have many other applications. 

so [0062] The invention will now be described in more detail with reference to the following Examples. 

Example 1 (A-1): 

[0063] 901 parts by weight of p-hydroxybenzoic acid, 126 parts by weight of 4,4'-dihydroxybiphenyl, 1 12 parts by 
55 weight of terephthalic acid, 346 parts by weight of polyethylene terephthalate having an intrinsic viscosity of about 0.6 
dl/g, and 884 parts by weight of acetic anhydride were fed into a reactor equipped with a stirrer and a distillation tube, 
and reacted therein at 100 to 250 °C for 5 hours, and then at 250 to 300 °C for 1 .5 hours, and thereafter the container 
was degassed to have a reduced pressure of 0.5 mmHg at 280 °C over a period of 1.5 hours, in which the compounds 
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were further reacted for 1 hour to complete polycondensation. Next, 0. 1 parts by weight of water was added to this, and 
the reaction product was pelletized through a double-screw extruder at a cylinder temperature of 280 °C . As a result of 
this process, obtained was a liquid-crystalline resin comprising 72.5 molar equivalents of aromatic oxycarbonyl units, 
7.5 molar equivalents of aromatic dioxy units, 20 molar equivalents of ethyl enedioxy units, and 27.5 molar equivalents 
5 of aromatic dicarboxyiic acid units, and having a terminal hydroxy concentration of 106 x 10 6 equivalents/g. The resin 
had a logarithmic viscosity of 1 . 1 dl/g, a number-average molecular weight of about 1 3000 (as measured through GPC- 
LS using a solvent of pentaf luorophenol/chloroform = 35/65 (by weight)), a melting point of 256 °C , and a melt viscosity 
of 16 Pa • s (as measured through an orifice of 0.5 0 x 10 mm at 266 °C and at a shear rate of 1 ,000 sec 1 ). 

"io Example 2 (A-2): 

[0064] 528 parts by weight of p-hydroxybenzoic acid. 126 parts by weight of 4.4'-dihydroxybiphenyl, 112 parts by 
weight of terephthalic acid, 864 parts by weight of polyethylene terephthalate having an intrinsic viscosity of about 0.6 
dl/g, and 581 parts by weight of acetic anhydride were fed into a reactor equipped with a stirrer and a distillation tube, 

75 and reacted therein at 100 to 250 °C for 5 hours, and then at 250 to 300 °C for 1 .5 hours, and thereafter the container 
was degassed to have a reduced pressure of 0.5 mmHg at 280 °C over a period of 1 .5 hours, in which the compounds 
were further reacted for 1 hour to complete polycondensation. Next, the reaction product was, after having been dry- 
blended with 0.1 parts by weight of water, pelletized through a double-screw extruder at a cylinder temperature of 280 
°C . As a result of this process, obtained was a liquid-crystalline resin comprising 42.5 molar equivalents of aromatic 

20 oxycarbonyl units. 7.5 molar equivalents of aromatic dioxy units, 50 molar equivalents of ethylenedioxy units, and 57.5 
molar equivalents of aromatic dicarboxyiic acid units, and having a terminal hydroxy concentration of 125 x 10 " 6 equiv- 
alents/g. The resin had a logarithmic viscosity of 0.52 dl/g, a number-average molecular weight of about 3000 (as meas- 
ured through GPC-LS using a solvent of pentaf luorophenol/chloroform = 35/65 (by weight)), a melting point of 205 °C , 
and a melt viscosity of 9 Pa • s (as measured through an orifice of 0.5 0 x 1 0 mm at 21 5 °C and at a shear rate of 1 ,000 

25 sec 1 ). 

Example 3 (A-3): 

[0065] 745 parts by weight of p-hydroxybenzoic acid, 167 parts by weight of 4,4'-dihydroxybiphenyl, 150 parts by 
30 weight of isophthalic acid, 519 parts by weight of polyethylene terephthalate having an intrinsic viscosity of about 0.6 
dl/g, and 816 parts by weight of acetic anhydride were fed into a reactor equipped with a stirrer and a distillation tube, 
and reacted therein at 100 to 250 °C for 5 hours, and then at 250 to 300 °C for 1.5 hours, and thereafter the container 
was degassed to have a reduced pressure of 0.5 mmHg at 280 °C over a period of 1 .5 hours, in which the compounds 
were further reacted for 1 hour to complete polycondensation. Next, the reaction product was, after having been dry- 
35 blended with 0.1 parts by weight of water, pelletized through a double-screw extruder at a cylinder temperature of 270 
°C . As a result of this process, obtained was a liquid-crystalline resin comprising 60 molar equivalents of aromatic oxy- 
carbonyl units, 10 molar equivalents of aromatic dioxy units, 30 molar equivalents of ethylenedioxy units, and 40 molar 
equivalents of aromatic dicarboxyiic acid units, and having a terminal hydroxy concentration of 118 x 10 " 6 equiva- 
lents/g. The resin had a logarithmic viscosity of 0.65 dl/g, a number-average molecular weight of about 4000 (as meas- 
40 ured through GPC-LS using a solvent of pentaf luorophenol/chloroform = 35/65 (by weight)), a melting point of 223 °C , 
and a melt viscosity of 1 2 Pa • s (as measured through an orifice of 0.5 0 x 1 0 mm at 233 °C and at a shear rate of 1 ,000 
sec 1 ). 

Comparative Example 1 (A-4): 

45 

[0066] 901 parts by weight of p-hydroxybenzoic acid, 126 parts by weight of 4,4'-dihydroxybiphenyl, 112 parts by 
weight of terephthalic acid. 346 parts by weight of polyethylene terephthalate having an intrinsic viscosity of about 0.6 
dl/g, and 884 parts by weight of acetic anhydride were fed into a reactor equipped with a stirrer and a distillation tube, 
and reacted therein at 100 to 250 °C for 5 hours, and then at 250 to 300 °C for 1.5 hours, and thereafter the container 

so was degassed to have a reduced pressure of 0.5 mmHg at 280 °C over a period of 1 .5 hours, in which the compounds 
were further reacted for 0.5 hours to complete polycondensation. As a result of this process, obtained was a liquid-crys- 
talline resin comprising 72.5 molar equivalents of aromatic oxycarbonyl units, 7.5 molar equivalents of aromatic dioxy 
units. 20 molar equivalents of ethylenedioxy units, and 27.5 molar equivalents of aromatic dicarboxyiic acid units, and 
having a terminal hydroxy concentration of not larger than 10 x 10 * 6 equivalents/g. The resin had a logarithmic viscosity 

55 of 1 .2 dl/g. a number-average molecular weight of about 17000 (as measured through GPC-LS using a solvent of pen- 
taf luorophenol/chloroform = 35/65 (by weight)), a melting point of 256 °C , and a melt viscosity of 36 Pa • s (as meas- 
ured through an orifice of 0.5 0 x 1 0 mm at 266 °C and at a shear rate of 1 ,000 sec 1 ). 
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Comparative Example 2 (A-5): 

[0067] In accordance with the teaching in JP-A Sho-54-77691 , 1 1 87 parts by weight of p-acetoxybenzoic acid and 
434 parts by weight of 6-acetoxy-2 -naphthoic acid were fed into a reactor equipped with a distillation tube, and reacted 
5 therein for polycondensation. Herein obtained was a liquid-crystalline resin comprising 100 molar equivalents of aro- 
matic oxycarbonyl units and having a terminal hydroxy concentration of not larger than 10 x 10" 6 equivalents/g. The 
' resin had a logarithmic viscosity of 5.04 dl/g, a number-average molecular weight of about 33000 (as measured through 
GPC-LS using a solvent of pentafluorophenol/chloroform = 35/65 (by weight)), a melting point of 283 °C , and a melt 
viscosity of 1 42 Pa • s (as measured through an orifice of 0.5 0 x 1 0 mm at 293 °C and at a shear rate of 1 ,000 sec 1 ). 



(1) Tensile Strength: 

[0068] ASTM No. 1 test pieces for tensile test were prepared. Each test piece was tested for its tensile strength 
according to ASTM D638. 

is 

(2) D well-time Yellowing: 

[0069] A resin sample was kept in a mold at a cylinder temperature shown in Table 1 for 1 5 minutes, and then molded 
into test pieces, whereupon the surface of each test piece was checked for gas yellowing. 

20 

X : Yellowed. 

a : Discolored. 

O • No change found. 

25 (3) Molding Stability: 

[0070] Pillar moldings (5x5x10 mm, 20 samples) were produced in a mold (in which 16 moldings are produced all 
at a time) at a cylinder temperature shown in Table 1 and under a pressure of (lowermost filling pressure + 3 kgf/cm 2 
), whereupon the number of failed molding samples owing to filling failure and mold release failure was counted. 

30 

(4) Surface Appearance: 

[0071 ] Square plates of 80 x 80 x 3 mm thick were produced through injection molding, and the image of a fluorescent 
lamp as reflected on the surface of each plate was visually checked for its sharpness. Based on the sharpness of the 
35 image, the surface smoothness of each plate was evaluated as follows: 

O : "Hie reflected image of the fluorescent lamp was sharp. 

a : Though not sharp, the reflected image of the fluorescent lamp was seen. 

X : No reflected image of the fluorescent lamp was seen. 

40 

Examples 4 to 7, Comparative Examples 3 to 6: 

[0072] LCP produced in each of Examples 1 to 3 and Comparative Examples 1 and 2 was respectively dry-blended 
with a thermoplastic resin and a filler as in Table 1, kneaded in melt and pelletized through a 30mm 0 double-screw 
45 extruder. The pellets were molded into test pieces, using a Toshiba molding machine, IS-55EPN. The test pieces were 
tested according to the methods mentioned above, and the test data obtained are shown in Table 1 . 



10 ~ 



50 



55 



14 



EP 0 926 175 A2 



-70 



15 



20 



25 



30 



35 



40 



45 



50 



Mold 

Temperaliire 

CC) 


o 

Cv 




o 

oo 




o 

O0 




o 

c\ 


o 

CM 


Working 
Temperature 


o 
oo 

CM 


o 
oo 


m 
oo 
cm 


o 
oo 


m 
oo 

CM 


o 
oo 

CM 


o 
oo 

CM 


O 
CO 
CM 


Surface 
Appearance 


o 


o 


o 


o 


X 


< 


o 


<] 


Molding 
Stability 
(number of 

failed 
sampl es) 


o 


o 






vO 


i—i 


o 

1— < 




Dwell-Time 
Yellowing 


o 




o 


C) 






o 




Tensile 
Strength 
(MPa) 


o 


to 


O 
CM 


r- 
m 


o 


i— • 


2 


CM 
»— i 


Filler 
(wt.pts.) 


GF (35) 


GF (35) | 


GF (100) 


GF (35) 


GF (100) 


GF (35) 


GF (35) 


GF (35) 


Liquid- 
Crystalline 

Resin 
(wt.pts.) 


A-1 (100) 


A-1 (2) 


A-2 (1) 


A-3 (1) 






A-4 (100) 


A-5 (1) 


Thermoplastic 
Resin 




A-4 


N-66 


PET 


N-66 


PET 




PET 




Example 4 


Example 5 


Example 6 


Example 7 


Comparative 
Example 3 


Comparative 
Example 4 


Comparative 
Example 5 


Comparativ 
Example 6 



55 



15 



Example 8: 
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[0073] 3 parts by weight of the liquid-crystalline resin of Example 1 was added to 100 parts by weight of polyamide 
resin (CM1021, manufactured by Toray Co.). and kneaded through a double-screw extruder. The resulting resin com- 
s position was press-shaped at 255 °C into a non-drawn film having a thickness of 100 um. Using a T.M. Long film 
stretcher, the film was biaxially drawn 3-fold in both the machine direction (MD) and transverse direction (TD) at 90°C. 
* [0074] The thus-drawn film was set in a Tensilon-type tensile strength tester (manufactured by Orientec Co.) in such 
a manner that its width was 10 mm and the chuck-to-chuck length was 100 mm, and its breaking strength was meas- 
ured at a stretching rate of 200 mm/min. The breaking strength of the film thus measured was 3 MPa. 

io • 

Comparative Example 7: 

[0075] The breaking strength of CM1021 was measured under the same condition as in Example 8. and it was 2 MPa. 
is Comparative Example 8: 

[0076] A thermoplastic resin composition was prepared in the same manner as in Example 8 except that the liquid- 
crystalline resin of Comparative Example 2 was used in place of the liquid-crystalline resin of Example 1 . This was 
press-shaped at 255 °C into a non-drawn film having a thickness of 100 ^m. Using the T.M. Long's film stretcher, the 
20 film was biaxially drawn 3-fold in both the MD and TD directions at 90 °C , but was broken. In this, good films could not 
be obtained. 

Example 9: 

25 [0077] Using a 40 mm 0 single-screw extruder equipped with a 6-hole spinneret of which each hole had a diameter 
of 0.4 mm 0 , the polyamide resin composition of Example 8 was melt-spun through the spinneret at a spinning tem- 
perature of 255 °C and a take-up speed of 70 m/min. The thus-spun thread was set in a Tensilon-type tensile strength 
tester (manufactured by Orientec Co.) in such a manner that the chuck-to-chuck length was 100 mm, and its breaking 
strength was measured at a stretching rate of 200 mm/min. The breaking strength of the thread thus measured was 8 

30 g/d. 

Comparative Example 9: 

[0078] The breaking strength of the polyamide resin of Comparative Example 7 was measured under the same con- 
35 dition as in Example 9, and it was 6 g/d. 

Comparative Example 10: 

[0079] Using the 40 mm 0 single-screw extruder equipped with a 6-hole spinneret of which each hole had a diameter 
40 of 0.4 mm 0 , the polyamide resin composition of Comparative Example 8 was melt-spun through the spinneret at a 
spinning temperature of 255 °C and a take-up speed of 70 m/min, but the thread being spun was cut. 
[0080] From the data in Table 1 and those in Examples 8 and 9 and Comparative Examples 7 to 10, it is known that 
the liquid-crystalline resin of the invention and also the thermoplastic resin composition comprising the liquid-crystalline 
resin can be formed into good moldings, films and fibers, of which the tensile strength, the dwell-time yellowing resist- 
45 ance in working, the molding stability (to reduce the yield of failed moldings owing to the resin filling shortage and the 
mold release failure), and the surface appearance are all good. 

Claims 

so 1 . A liquid-crystalline resin with ester bonds, which has a terminal hydroxyl concentration of not less than 15 x 10* 6 
equivalents/g. 

2. A liquid-crystalline resin according to claim 1 , which contains p-hydroxybenzoic acid residues. 

55 3. A liquid-crystalline resin according to claim 1 , which contains ethylenedioxy units. 

4. A liquid-crystalline resin according to claim 1, which comprises a liquid-crystalline polyester which said polyester 
comprises structural units of the following (I), (III) and (IV). and optionally additionally comprising structural units of 
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the following formula (II): 
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where X represents a hydrogen atom or a chlorine atom. 

5. A liquid-crystalline resin according to claim 4, wherein the % of the total of the structural units (I) and (II) is 35 to 95 
mol% of the total of the structural units (I), (II) and (HI), the % of the structural units (III) is 5 to 65 mol% of the total 
of the structural units (I), (II) and (III), the molar ratio of the structural units (l)/(ll) is 70/30 to 95/5, and the number 
of structural units (IV) is substantially equimolar to the total number of the structural units (II) and (III). 

6. A liquid-crystalline resin composition comprising 100 parts by weight of a liquid-crystalline resin according to any 
preceding claim and 5 to 300 parts by weight of a filler. 

7. A thermoplastic resin composition comprising 100 parts by weight of a thermoplastic resin and 0.01 to 30 parts by 
weight of a liquid-crystalline resin according to any one of claims 1 to 5. 

8. A thermoplastic resin composition according to claim 7, further comprising 5 to 300 parts by weight of a filler rela- 
tive to 100 parts by weight of the total amounts of the thermoplastic resin and the liquid-crystalline resin. 

9. A thermoplastic resin composition according to claim 7 or claim 8, wherein the liquid-crystalline resin has a 
number-average molecular weight of not larger than 5000. 

10. A thermoplastic resin composition comprising 100 parts by weight of a thermoplastic resin and 0.01 to 30 parts by 
weight of a liquid-crystalline resin with ester bonds and having a terminal hydroxyl concentration of not less than 1 5 
x 10" 6 equivalent/g. 

1 1 . A thermoplastic resin according to claim 10, of which the tensile strength as measured according to the method of 
ASTM D638 (for a sheet sample of the composition having a thickness of 1/8 inches) is at least 5% higher than that 
of the thermoplastic resin not combined with the liquid-crystalline resin. 

12. Moldings of a thermoplastic resin composition according to any one of claims 7 to 1 1 . 

1 3. Films of a thermoplastic resin composition according to any one of claims 7 to 1 1 . 

14. Fibers of a thermoplastic resin composition according to any one of claims 7 to 1 1 . 



18 



